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(54) Bioabsorbable implantable endoprosthesis with reservoir and method of using same 



(57) A bioabsorbable implantable endoprosthesis 
(50) having elongate elements (20,30,40) including hol- 
low (22), cavity (32) or porous (42) portions adapted to 
accumulate by-product from the degradation of the bio- 
absorbable material and shorten the diffusion distance 
(d^ for water absorption and thereby relatively increase 
the degradation of the structure. 
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Description 

Rank qround < « the Invention 

roooil This invention relates generally to a bioabsorbable implantable endoprosthesis having one or more reservoir 

SxK] SeK-expandingmedica^^ 
They are. for example. Closed °e^ 

^etn^ 

[0003] Adelivery device which retansthe stent .n rts c ° m ? re ^ ed stent enables it to be delivered 

hrough vessels in the body. The flexible nature and red endoprosthesis 
through relatively small and curved vessels. In percutaneous <«^rmtf "0 "J^^L b^y vesS els 

[0004] Stents must exhibit a relatively h.gh degree of ^J^^^en as preferred delivery 

Uesismaybedeliv^i^ 

be delivered by alternative methods or by ^^^^ude Elailov® and Phynox® metal spring alloys. Other 
[0005] Ccimionlyusedmaterialsfor^ MP 35Nalloy. and supere- 

Ltal cmaterials than can be used for """-WP^? 11 ^ ^ ,- T^^?55lSlnL»W inc ol MMapota. MEnn^ 
,astic Nitino. nickel-titanium. Another se.f-expand.ng , stent ^J^^^^^^J^. Se'Lpanding 

Sstn^^^^ 

lower strength and modulus. «nnaraiiv r«iured amount of acute and chronic 
[0007] Theimplantationofanintraium^ 

trauma to the luminal wall while performing rts "Jj£^2^ or brittle lumens. The 

BTS-r. remains a continuing need for self-expanding stents 
SI indications. Stents are needed for implantations 

[0009] A need exists for a stent which has self expand-ng charact in order to minimize the 
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[0010] 

all purposes. 



Summary o * the Invention 

« helically mux a* J" • ««" SXt^iEl ^S^eT4jecWIBi™«<»y*ected radial 
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erally characterized by a longitudinal shortening upon radial expansion. 

[001 3] In one preferred embodiment, the device is a stent which substantially consists of a plurality of elongate poly- 
lactide bioabsorbable polymer filaments, helically wound and interwoven in a braided configuration to form a tube. 
[0014] There is a need for a bioabsorbable implantable endoprosthesis that has a high rate of degradation and may 
5 be tailored to degrade over predetermined periods of time. One way to avoid long-term complications from an implant 
is to make the implant bioabsorbable so that the device is naturally eliminated from the treatment site after it has served 
its intended function. 

[0015] Such a bioabsorbable implantable endoprosthesis would be especially advantageous for medical procedures 
requiring an endoprosthesis for short term or temporary use. For example, it would be advantageous to implant an 

10 implantable endoprosthesis that functions for a specific period of time and does not require a surgical procedure for 
removal at the end of its functional lifetime. With such an endoprosthesis, there is no need to remove the endoprosthe- 
sis because the bioabsorbable material therein decomposes over a period of time into non-toxic biological substances 
(e.g. lactic add and glycolic acid) which are easily metabolized or excreted by the body. Such a bioabsorbable implant- 
able endoprosthesis would be advantageous in urological, biliary, vascular, and airway applications where use is 

is desired for only weeks, months, or a few years while a benign stricture is cured or healed, or for use in pre-operative 
palliation. Such a device may also offer an advantage in that shorter resorption times may reduce the time of inflamma- 
tory response and may reduce scarring. 

[0016] Bioabsorbable implantable endoprostheses of the present invention include stents, stent-grafts, grafts, filters, 
occlusive devices, and valves which may be made of poly(alpha-hydroxy acid) such as polylactide [poly-L-lactide 

20 (PLLA), poly-D-lactide (PDLA)], polyglycolide (PGA), polydioxanone, polycaprolactone, polygluconate, polyiactic acid- 
polyethylene oxide copolymers, poly(hydroxybutyrate), polyanhydride, polyphosphoester, poly(amino acids), or related 
copolymers materials, each of which have a characteristic degradation rate in the body. For example, PGA and polydi- 
oxanone are relatively fast-bioabsorbing materials (weeks to months) and PLA and polycaprolactone are relatively 
slow-bioabsorbing material (months to years). 

25 [001 7] An implantable endoprosthesis constructed of a bioabsorbable polymer provides certain advantages relative 
to metal stents such as natural decomposition into non-toxic chemical species over a period of time. Also, bioabsorba- 
ble polymeric stents may be manufactured at relatively low manufacturing costs since vacuum heat treatment and 
chemical cleaning commonly used in metal stent manufacturing are not required. 

[001 8] An implantable endoprosthesis made of substantially solid elongate members consisting of PLA generally will 
30 require 1-3 years to absorb in a body. However, an implantable endoprosthesis made of PLA, having comparatively 
shorter resorption times than 1 -3 years is desirable for certain indications such as pediatric endoluminal interventions 
where anatomical growth rates are high and implant size revisions are often necessary. The endoprosthesis of the 
present invention would be advantageous because the endoprosthesis would absorb over a relatively shorter time and 
removal thereof would be unnecessary. As the child grows, the appropriate size implantable endoprosthesis could be 
35 placed in the body when needed. The resorption time for an implantable endoprosthesis made of a poly (alpha-hydroxy 
acid) polymer having elongate members including hollow, cavity, or porous portions may be reduced to several days or 
a few weeks for PGA or to several months to years for PLA. 

[0019] The period of time that a bioabsorbable implantable endoprosthesis is functional is dependent upon the deg- 
radation rate of the bioabsorbable material and the environment into which it is implanted. The degradation rate of a 

40 bioabsorbable endoprosthesis is dependent on chemical composition, processing methods, dimensions, sterilization 
methods, and geometry of the reservoir portions (i.e. hollow, cavity, or porous portions) of the present invention. 
[0020] Bioabsorbable polymer stents are radiolucent and the mechanical properties of the polymers are generally 
lower than structural metal alloys. Bioabsorbable stents may require radiopaque markers and may have a larger profile 
on a delivery catheter and in a body lumen to compensate for the lower material properties. 

45 [0021] Bioabsorbable PLLA and PGA material are degraded in vivo through hydrolytic chain scission to lactic acid 
and glycolic acid, respectively, which in turn is converted to C0 2 and then eliminated from the body by respiration. Het- 
erogeneous degradation of semicrystalline polymers occurs due to the fact that such materials have amorphous and 
crystalline regions. Degradation occurs more rapidly at amorphous regions than at crystalline regions. This results in 
the product decreasing in strength faster than it decreases in mass. Totally amorphous, cross-linked polyesters show a 

so more linear decrease in strength with mass over time as compared to a material with crystalline and amorphous 
regions. Degradation time may be affected by variations in chemical composition and polymer chain structures, and 
material processing. 

[0022] PLA monof ilaments may be produced by a process involving seven general steps as summarized herein. First, 
a polymer formed of poly-L-lactic acid is brought to an elevated temperature above the melting point, preferably 210°- 
55 230°C. Second, the material is then extruded at the elevated temperature into a continuous fiber, by a conventional 
process, at a rate of from about three to four feet per minute. Third, the continuous fiber is then cooled to cause nucle- 
ation The cooling is preferably performed by passing the fiber through a nucleation bath of water Fourth, the material 
then passes through a first puller, which runs at about the same speed as the extruder, and places the material under 
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thp fiber is collected onto spools of desired lengths. 

SJSSTSTii wire cutters. As the cutting surfaces of the wire cutters Cos e upon •«» «»d £ 
hatSdr^nlc^iiy^ 

r0O251 Reference is made to Enhancement of the Mechanical properties of polylactides by ioIMM 
E anS S STdisKi. BiomateriaJs 1996. VbL 17 No. 5. pp. 529-535; and Deformation 
sorbLe intravascular Stent. Investigative Radiology. Dec. 1992. C. Maul,. Agrawal. Ph.D.. P.E.. H. G. Clark. Ph.D.. pp. 

ISSSI 02 Mechanical properties generally increase with increasing molecular weight For instance the strength and 
ESS- d naease with increasing molecular weight. Degradation time generally M with 

« ^ctctrZbetakennoitos^ 

ksi (241 MPa) is typical: and a preferred tensile strength of from about 25 ksi (172 MPa) to about 45 ksi piu 
mniat pS PLLA PDLA and PGA include tensile modulus of from about 400.000 pounds per squa e inch (pa) 
2 y2 MRaUo 1^2 OO^oCi 03.790 MPa); a tensile modu.us of 900.000 psi (6.206 MPa) is typical, and a pre- 
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wire which may be used to make braided stents. The tensile strength of PLLA is about 22% of the tensile strength of 
Elgiloy®. The tensile modulus of PLLA is about 3% of the tensile modulus of Elgiloy®. Stent mechanical properties and 
self-expansion are directly proportional to tensile modulus of the material. As a result, a PLLA filament braided stent 
made to the same design as the metal stent has low mechanical properties and would not be functional. The polymeric 
5 braided stents should have radial strength similar to metal stents and should have the required mechanical properties 
capable of bracing open endolumina! strictures. 

[0030] The term "substantially degrades" means that the stent has lost at least 50% of its structural strength. It is pref- 
erable that the stent lose about 100% of its structural strength. The included angle between interbraided filaments in 
the axial orientation is termed "braid angle" prior to annealing and is termed "filament crossing angle" after annealing. 
10 A braid becomes a stent after annealing. 

[0031 ] Bioabsorbable resins such as PLLA, PDLA, PGA and other bioabsorbabte polymers are commercially availa- 
ble from several sources including PUR AC America, Inc. of Lincolnshire, Illinois. 

[0032] In sum, the invention relates to a bioabsorbable implantable endoprosthesis comprising a tubular, radially com- 
pressible, axially flexible, and radially self-expandable braided and annealed structure having a diameter in a free state, 

is the structure including from about 10 to about 36 filaments including poly (alpha- hydroxy acid), the structure having a 
radial force of from about 40 grams to about 300 grams at about one-half diameter, each filament having a tensile 
strength of from about 20 ksi (138 MPa) to about 120 ksi (827 MPa), and a tensile modulus of from about 400,000 psi 
(2,758 MPa) to about 2,000,000 psi (13,790 MPa), and an average diameter of from about 0.15 mm to about 0.6 mm, 
the filaments having a crossing angle of from about 120 degrees to about 150 degrees in a free state, each filament 

20 including one or more reservoir portions with an average cross-sectional area greater than about 7.9 x 10' 7 mm 2 and 
in each filament, the sum of the one or more reservoir portions when empty represents a total volume percentage 
greater than about 5% of the total filament volume. The bioabsorbable implantable endoprosthesis of claim 1 wherein 
the sum of the one or more reservoir portions when empty represents a total volume percentage of from about 20% to 
about 40%. The degradation by-products may at least partially collect in the reservoir portions. The degradation by- 

25 products in the reservoir portions may have an average pH level which decreases over time in vivo. The reservoir por- 
tions may be hollow, cavity, porous, or combinations thereof. The average pH level in the reservoir may be between 
about 3 and 7. The endoprosthesis may substantially degrades in vivo in less than 3 years. The endoprosthesis may 
provides structural integrity to a body lumen for less than 2 years. The filaments may be mono-filament, multi-filament, 
ribbon, suture, thread, fiber, or combinations thereof. The implantable endoprosthesis may be a stent stent-graft, graft 

30 filter, occlusive device, or valve. The filaments may gain weight in vivo in an amount of from about 0.1% to about 20% 
of initial mass prior to losing weight in an amount of from about 0.1% to about 70% of initial mass prior to disintegration. 
The reservoir portions may accumulate the degradation by-product for a predetermined amount of time. The filaments 
may comprise PLLA, PDLA, or combinations thereof and substantially degrade in vivo in from about 1 year to about 2 
years. The filaments may comprise polylactide. polyglycolide, or combinations thereof and substantially degrade in vivo 

35 in from about 3 months to about 1 year. The filaments may comprise polyglycolide, polygluconate, polydioxanone, or 
combinations thereof and substantially degrade in vivo in from about 1 week to about 3 months. The thickness of the 
filament t, in mm, may be equal to about (D/(1.8D + 15)) ± .03 mm, where D, in mm, is the free state diameter. The 
number of filaments, N, may be equal to about (D/(0.022D+0.1 7)) ± 4 filaments, where D, in mm, is the free state diam- 
eter. The endoprosthesis may have at least one end of diminishing diameter. The filaments may have a tensile modulus 

40 of from about 700,000 (4,827 MPa) to about 1 ,200,000 psi (8,274 MPa). The endoprosthesis may have a braid angle of 
from about 60 degrees to about 150 degrees when implanted in vivo. The filament may further comprises a water 
absorption diffusion distance of from about 1 micron to about 250 microns. 

[0033] The invention also relates to a bioabsorbable implantable endoprosthesis comprising one or more elongate 
elements including poly (alpha-hydroxy acid), each filament including one or more reservoir portions with an average 

45 cross-sectional area greater than about 7.9 x 10* 7 mm 2 , and in each filament, the sum of the one or more reservoir por- 
tion when empty represents a total volume % greater than about 1 0% wherein the poly (alpha-hydroxy acid) bioabsorbs 
and degradation by-products therefrom collect in the reservoir. The hollow portions when empty may represent a vol- 
ume percentage of at least 5 percent, cavity portions when empty may represent a volume percentage of at least 5 per- 
cent, and porous portions when empty may represent a volume percentage of at least 10 percent. 

so [0034] The invention also relates to a method of using an implantable endoprosthesis including: disposing a implant- 
able endoprosthesis made of poly (alpha-hydroxy acid) in a delivery system, the endoprosthesis comprising a tubular, 
and radially expandable structure made of elongate filaments including hollow, cavity, or porous portions. Each portion 
with an average cross-sectional area greater than about 7.9 x 10* 7 mm 2 and the sum of the portions when empty rep- 
resent a total volume % greater than about 10%; inserting the delivery system and endoprosthesis in a body lumen; 

55 deploying the endoprosthesis from the delivery system into the body lumen; and allowing the hollow, cavity, or porous 
portions to accumulate degradation by-product from the poly (alpha-hydroxy acid). 

[0035] The invention also relates to a method of manufacturing an implantable endoprosthesis comprising the steps: 
disposing a braided bioabsorbable polymer endoprosthesis on an annealing mandrel, the endoprosthesis comprising a 
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tubular, and radially expandable structure made of e.ongate ?W 
hollo*, cavity, or porous portion. Each portion wrth an average "J^S casing the endo- 
and the sum of the portions when empty have a total volume % ^^^^JS^ISS^ * a « me 
prosthesis; annealing the endoprosthesis at a temperature less SjSw may be from 

of from about 5 minutes to about 90 minutes, and cool.ng the "*f«*«*™J ^£231. The method may 
about 130-C to about 160'C and the annealing tone is from about 10 nrnrtes ;tot *out ^J^es 
further comprise the step of cutting the endoprosthesis into predetermined '^^^^^ ^ ™ 
a step of bra»g the endoprostheas on a braiding «^;2Se?ln?^lS^S£ul 150 
degrees. The method while annealing, the endoprosthesis has a brad angle of from acoui iou aeg 



15 



20 



-■■MLB 

/i^ft MPa\ to about 120 ksi (827 MPa), a tensile modulus of from about 400,000 psi {d, /oo ivira; w auuui . >~ 
implanted state. 
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[0040] Still other objects and advantages of the present invention and methods of construction of the same will 
become readily apparent to those skilled in the art from the following detailed description, wherein only the preferred 
embodiments are shown and described, simply by way of illustration of the best mode contemplated of carrying out the 
invention. As will be realized, the invention is capable of other and different embodiments and methods of construction, 
5 and its several details are capable of modification in various obvious respects, all without departing from the invention. 
Accordingly, the drawing and description are to be regarded as illustrative in nature, and not as restrictive. 

Brief Description of the Drawings 
10 [0041] 

FIG. 1 is a side view of a elongate element; FIGS. 2a-2f are side views of six elongate elements of the present 
invention; 

FIGS. 3a-3f are cross-sections of the example elongate member in FIG. 1 taken along the line 3-3 illustrating pro- 
is gressive degradation ; 

FIGS. 4a-4d are cross-sections of the elongate member in FIG. 2a taken along the line 4-4 illustrating progressive 
degradation; 

FIG. 5 is a side view of one embodiment of a braided endoprosthesis of the present invention; and 

FIG. 6 is a graph showing a comparison of the loss of mass over time for a PLLA solid rod and a PLLA cavity rod. 

20 

Detailed Description of the Invention 

[0042] Reference is made to the example shown in FIG. 1 illustrating a substantially solid elongate member 10 made 
of a bioabsorbable material such as PLLA or PGA. 

25 [0043] FIGS. 3a-3f illustrate cross-sections of a known member 1 0 taken along the line 3-3 in FIG. 1 and show pro- 
gressive degradation occurring most rapidly at the center shaded area 12 where the highest rate of degradation occurs 
in vivo. Degradation occurs when the polymer absorbs water and undergoes hydrolytic scission. Although degradation 
occurs throughout the member 10, the rate of degradation will generally be higher at a location having the lower pH as 
acidic environments catalyze degradation. The diffusion distance d of the solid member 10 is measured from the sur- 

30 face 14 to the center of the solid filament. As shown in FIGS 3a-3f, the pH level is reduced in the center shaded area 
12 of the solid member 10 because the acidic degradation by-products cannot rapidly migrate away from the location. 
The degradation rate nearer to the surface 14 of member 10 is relatively slower because the pH level at the surface 14 
is not substantially changed since acid degradation by-products are more readily flushed or diffused away. 
[0044] FIG. 3a represents the cross-section of a known substantially solid filament of an absorbable polymer, such 

35 as PLLA. In subsequent FIGS. 3b-3f, in vivo degradation is represented by shaded area 12; the darker shading in the 
Figures represents filament areas where the most degradation has occurred or where a faster rate of degradation is 
occurring. In FIG. 3b, the entire cross section is degrading, but the center shaded area 12 has degraded the most 
because acidic degradation products have accumulated there. The area of first degradation progressively grows with 
time from the center toward the surface of the cross-section as shown in the increasing size of shaded area 12 in FIGS. 

40 3c-3e. Finally, all that is left of structurally intact material of the substantially solid filament is a surface shell as shown 
in FIG. 3e. Cracks develop in the shell which lead to disintegration into fragments as shown in FIG. 3f. 
[0045] In comparison, reference is made to FIGS. 2a-2f showing filaments which advantageously provide accelerated 
degradation features compared to known materials. The filaments or elongate members have reservoir portions, spe- 
cifically: elongate member 20 having at least one hollow 22 portion; elongate member 30 having at least one cavity 32 

45 portion; and elongate member 40 having at least one porous 42 portion. The term "reservoir is referred to as a volume 
of space internal to the filament where polymer degradation by-products are collected or stored. The reservoir may be 
both internal and external passages, with the external passages opening through a filament outside wall or end. FIG. 
2a illustrates a hollow member with a center core; FIG. 2b illustrates a member having at least one cavity with sealed 
ends disposed inside the member; FIG. 2c illustrates a member having at least one pore (internal or external porosity, 

so or both); FIG. 2d illustrates a multi-lumen member with a plurality of hollow portions; FIG. 2e illustrates a cross-section 
of a member having a plurality of internal pores; FIG. 2f illustrates a member having a plurality of surface pores. The 
external pores may connect with internal pores, cavities or hollow portions. The reservoir portions have a size greater 
than about 1 micron and having a volume percentage greater than about 10%. Elongate members may have one or 
more reservoir portions including combinations of hollow 22, cavity 32, or porous 42 portions. 

55 [0046] Reference is made to FIG. 4a which represents a member 20 from FIG. 2a having a manufactured hollow axial 
portion. When degradation begins as shown by the shading in FIG. 4b. the entire solid tubular section begins to deteri- 
orate. In member 20, the shaded annular ring area 13b, shows that the center of the material mass degrades faster 
because of an accumulation of acidic degradation products in that annular shaded area. In addition, degradation prod- 
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.,r* also accumulate in the hollow axial portion and deterioration of the hollow inner surface area 13a in member 20 is 
SaieS^ 

?IG 4r~ Cracks develop in the inner and outer ring which lead to disintegration as shown .n FIG. 4d. Degradation and 
mTnS 20 i advantageous* titer than the substantially solid member 10 because there are two 
regions of accelerated degradation, in areas 13a and 13b. H^^Haiinn n f 

rOMTl FIGS 4a-4d illustrate crc«-se^ 

rJongate me^er ToTareas where the hfchest rate of degradation occurs in vivo. Although degradaton occuni 
IiJST!2*«2a the rate of degradation is generally higher at a location having the lower pH asac^c en^ 
onmen^ cS^daW By-products from degradafion such as lactic acid or ghycolic aod are .stored in the hol- 
42 portions which act as reservoirs and advantageously arcelerate •^SSSSi 
r 6 fsu2s^ed^iondistanced 1 in elongate members 20, 30. 40 is relatively shorter than the dr^aondstanre 

In the oresent invention, the combination of generally shorter water absorption d.stance d 4 resulting generally ^sraner 
wate! aSion and relatively accelerated degradation at the by-product reservoir areas resufe m relat^y 
m ovtXymeT resorption of the elongate members 20, 30. and 40 or endoprosthesis 50 " ^» 
meters M Xd 40 Z further comprise one or more internal or externa) walls 25 thatare adapted to b.oabsorb 
in vivo. Tables 1 and 2 below describes preferred reservoir and endoprostheses embod.merrts. 

Table 1 



20 



25 



30 



Type of Reservoir 


% Volume Solid 


% Volume Hollow 
or Cavity 


Hollow or Cavity Features 
Dimensions 


axial core 

(one lumen tubing) 


65-90 


10-35 


0<5O% of O.D. x length of 
filament strand 


multi-lumen filament 
(two or more lumens) 


50-90 


10-40 


0<5O%ofO.DJ*of 
lumens, length of filament 
strand 


internal porosity 


70-90 


10-30 


1-20 microns 


external porosity 
(surface oriented) 


80-90 


10-20 


1-20 microns 



35 



40 



45 



50 



55 
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Table 2 



Filament 
atranas 
In Braid 


Braid 
Mandrel 
Diameter, 
mm 


Braid 

Angle, 

Degrees 


PLLA 

Diameter, 

mm 


PDLA 

Diameter, 

mm 


PLLA/PDLA 

Diameter, 

mm 


PGA 

Diameter, 
mm 


10 


3-6 


120-150 


.15-25 


.15-25 


.15-25 


.20- JO 


10 


3-6 


120-150 


20- JO 


20- JO 


20- JO 


.25- J5 


12 


3-8 


120-150 


20- JO 


20- JO 


20- JO 


25-J5 


12 


3-8 


120-150 


.35-.45 


J5-.45 


J5-.45 


.40-.50 


15 


6-10 


120-150 


.30-.40 


.30-40 


J0-.40 


J5-.45 


15 


6-10 


120-150 


J5-.45 


J5-.45 


J5-.45 


.4O-.50 


18 


7-12 


120-150 


J5-.45 


J5-.45 


J5-.45 


.40-.50 


18 


7-12 


120-150 


.40-50 


.40- JO 


.40- JO 


.45-J5 


20 


3-9 


120-150 


20- JO 


20- JO 


20- JO 


25-J5 


24 


8-12 


120-150 


20- JO 


20- JO 


20- JO 


25-J5 


24 


9-14 


120-150 


25- J5 


25-J5 


25-J5 


J0-.40 


24 


12-18 


120-150 


JO-.40 


J0-.4O 


J0-.40 


J5-.45 


30 


16-26 


120-150 


J0-.40 


J0-.40 


J0-.40 


J5-.45 


36 


20-30 


120-150 


J5-.45 


J5-.45 


J5-.45 


.40-.50 


24 


14-20 


120-150 


J5-.45 


J5-.45 


J5-.45 


.40-.50 



Filament 
Strands 
In Braid 


Braid 
Mandrel 
Diameter, 
mm 


Braid 

Angle, 

Degrees 


PGA/ 
PLLA 
Diameter, 
mm 


PGA/ 

Polycaprotoctone 

Diameter, 

mm 


Potydioxanone 

Diameter, 

mm 


PGA/ 

trimethylene 
carbonate 
Diameter, 
mm 


10 


3-6 


120-150 


20- JO 


22-J2 


25- J5 


22-J2 


10 


3-6 


120-150 


25- J5 


27- J7 


J0-.40 


27- J7 


12 


3-8 


120-150 


25-J5 


27- J7 


J0-.40 


27-J7 


12 


3-8 


120-150 


.40- JO 


.42-J2 


.4S-.55 


.42-J2 


15 


6-10 


120-150 


J5-.45 


J7-.47 


.40-.50 


J7-.47 


15 


6-10 


120-150 


.40-.50 


.42-J2 


.45- J5 


.42- J2 


18 


7-12 


120-150 


.40-.50 


.42-J2 


.45- J5 


.42- J2 


18 


7-12 


120-150 


.45- J5 


.47-.57 


.5O-.60 


.47- J7 


20 


3-9 


120-150 


25-J5 


27-J7 


JO-.40 


27-J7 


24 


8-12 


120-150 


25- J5 


27- J7 


J0-.40 


27-J7 


24 


9-14 


12O-150 


JO-.40 


J2-.42 


J5-.45 


J2-.42 


24 


12-18 


120-150 


J5-.45 


J7-.47 


.40-50 


J7-.47 


30 


16-26 


120-150 


J5-.45 


J7-.47 


.40- JO 


J7-.47 


36 


20-30 


120-150 


.40.50 


.42-J2 


.45-.55 


.42- J2 


24 


14-20 


120-150 


.40-.50 


.42-J2 


.45- J5 


.42-J2 



[0048] Reference is made to FIG. 5 illustrating one embodiment of an implantable endoprosthesis 50 comprising elon- 
gate members made of a bioabsorbable polymer and having one or more hollow 22, cavity 32, or porous 42 portions 
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15 



20 



25 



(hollow cavity, or porous portions not shown). The hollow 22. cavity 32. « r P° r ^ « ^ rt ^\* ort f "f h f^^ e 
and PGA, as well as other polymers. m . ^^ nan 

%££S£. or J£i cc^lymers mater«.s. Methods for fabricating st ente 50 p ™^£™ and d ' S " 
closed for example in the Wallsten U.S. Patent 4.655.771 and the Wallsten et al. U.S. Patent 5.061J2 75 
?S Stert^O is shewn in its expanded or relaxed state FIG 5 in the configuration it assumes when subject tc mo 
S a . iSSoVsfressTThe filaments 20, 30. 40 are resilient, permitting the radial compression of stent 50 nta ; a 

nS-^^^ • — * for delivery to desired ptec rr: "£Z££ 

tSa^ 

rotsil The tubular and self-expandable body or structure formed by the interwoven filaments 20. 30^ 40 is a primary 
^SLSSSmZJ!^ stent 50. and for this reason the device can be considered to substantia^ consist 
SSE5w^«lu-« of other structures. However. R is known that other structures and ^fs can be 
MuLdtaM art in particular features which enhance or cooperate with the tubular and self-expandable structure 

orwS« 

S3S!J^\I3« the position of the stent through fluoroscopy during implantation Another example s £ 
Susirof a ccvering or additional interwoven filaments, for instance, to reduce the porosrty or open spaces ,n the 

2JSv consist of the tubular and self-expandable structure formed by interwoven Maments 20 30. «. 

S g-metry. and tnTspecHic environment in which the polymer is implanted^Fbr a grven set of ,mp.ant cond rt ,ons, a 
specif c absorption time may be designed by utilizing fast-absorbing or ^^^^ _ „ modemtely nign 
[0053] Each polymer also has different physical and mechanical properties. For "T^^^SShnS 
Ss and sfrength and high ductility and PGA has a high modulus and a lower ductihty strffand relative! rbnttle)^ 
r7nSorSe?s 50 may have btoabsorbable polymer elongate elements having a tens.le modulus of Mm 
SSS ^PaHo^ouTa 000 000 psi (13.790 MPa). The preferred range of tensile modulus for an endoprosthe- 
SSSES polymer etongate elements is from about 700.000 (4.827 MPa) to about .200.000 ps. 

8^4MPa 

6 Zl MPa) tensile modulus and about a 90 ksi (621 MPa) tensile strength. For structural elongate member^ 20. 3a 
« fttfan S P^marily in bending or torsion, the maximum von Mises equivalent stresses are at the ***** 
Z^XSlSSm elongate merger is zero, so a hollow 22 portion may be used. It may ^ des^le to have 
tie Se l S^tf PLA and the short resorption time of PGA in one implant. One way to ach -eve th. ; ; ^> use 
the ductile P^rnes ^oi r compromise of characteristics. The present .nvention allows the 

" SSgneto^ 

^ tSh « appropriate length retention time must be selected for each type of medic* ^cation 
raossi TtoSmar degradation rate is influenced by several intrinsic and extrmsic ^ 
Sf c»f position and physical structure of the polymer (such as stents. o—on^Jc^ 

temperature, radiation, free radicals, and enzymes. 
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[0056] The degradation of absorbable polymers is primarily due to hydrolysis. The hydrolytic reaction causes the pol- 
ymer molecular chains to be broken and the chain length decreases with the duration of degradation. The result of 
decreasing chain length is a reduction in physical and mechanical properties. Loss of mass occurs when a significant 
number of chains are broken to allow diffusion of small molecular chains out of the polymer and into the biological envi- 
s ronment. Disintegration of the device occurs when there has been loss of strength and mass and portions of the poly- 
mer fragment. 

[0057] The three types of degradation properties that are used to describe the absorbable polymer degradation proc- 
ess are loss of tensile strength profile, loss of mass profile, and type of degradation products released into the surround- 
ing tissues. The loss of tensile strength always precedes the other two events, because the absorbable polymers 
10 degrade by hydrolysis throughout the bulk of the material rather than from surface erosion. Bulk degradation causes the 
polymer to lose strength first and then to lose mass. If degradation were to occur by surface erosion, the polymer would 
lose mass before or at the same time as it loses strength. 

[0058] All synthetic absorbable sutures are water-insoluble polymers. This means that the rate of diffusion of water is 
an important factor in determining the rate of hydrolysis and degradation. Thinner sections should theoretically reach 

is the bulk water concentration level where hydrolysis can start to occur faster than thick sections. However, once degra- 
dation starts, thicker sections will have faster degradation rates because the acidic degradation products in the center 
of the section build up and catalyze degradation to a faster rate than in other locations in the material where diffusion 
distances are shorter and the degradation products migrate to the surface and are buffered by the biological environ- 
ment. The result is that the degradation profile is at a maximum at the center of the solid section and decreases from 

20 the center to the surface. Degradation occurs throughout the bulk, but is faster in the center. In, for example, a hollow 
section where degradation products can collect in the reservoir, there are two locations of high degradation rate; the 
surface of the member at the reservoir and the center of the solid section. Therefore, the degradation of a hollow piece 
should occur sooner than a solid piece because the diffusion distance for water absorption is shorter and because there 
are two fast-degrading fronts in the material. 

25 [0059] For PLA, structural degradation occurs over a time interval of about 6 months to 2 years in-vivo. A member will 
disintegrate after it loses enough strength and is no longer capable of withstanding applied loads or is no longer capable 
of holding itself together. Structural degradation takes place long after the time needed for endothelialization or epithe- 
lialization of the device. 

[0060] Absorption occurs when polymer degradation products are released from the device and introduced into nor- 
30 mal body chemical processes. Metabolism is the chemical changes in living cells by which energy is provided for vital 
processes and activities and new material is assimilated to repair the waste. 

[0061 ] Excretion is separation and elimination or discharge from the blood or tissues of useless, superfluous, or harm- 
ful material that is eliminated from the body. Excretion differs from a secretion in not being produced to perform a useful 
function. 

35 [0062] The biocompatibility of absorbable polymers during degradation depends upon the rate of accumulation and 
how well the surrounding tissue or fluid buffers or metabolizes the degradation products. If the products are metaboliz- 
able, the rate at which this will occur is dependent upon the blood circulation in the tissue. A well-vascularized lumen 
wall could buffer and metabolize degradation products as they are released from the implant. This biological process is 
important to minimize adverse tissue reaction to the degrading implant. 

40 [0063] The final degradation products from PLLA and PGA are lactic and glycoltc acid which are normally present in 
the human body. The acids are metabolized by cells around the implant The metabolization process is a citrate cycle 
which converts the acids to carbon dioxide which is respirated out of the body. 

[0064] For a PLA member, mass degradation is completed with total absorption of the polymer endoprosthesis in 
about 1.5 to 3 years after implantation. 

45 [0065] To manufacture the implantable endoprosthesis 50, the tubular braided filament endoprosthesis 50 is disposed 
on a stainless steel tubular mandrel (not shown) and held in an axially compressed position, axially extended position, 
or a free state position with plastic tie-wraps or comparable instruments (not shown) to form an assembly. The term 
"free state" is used when no externally applied forces are acting on the device, for example, when the device is resting 
on a table. The assembly is annealed at a temperature less than the melting point of the endoprosthesis 50 for a time 

so of from about 5 minutes to about 90 minutes. The endoprosthesis 50 may be annealed at a temperature of from about 
130°C to about 160°C for about 10 minutes to about 20 minutes. A preferable annealing process includes temperature 
at about 140°C for about 15 minutes in air, vacuum, argon, helium, or combinations thereof. Thereafter, the assembly 
is cooled to a room temperature, ad the endoprosthesis 50 is slid off of the mandrel. The implantable endoprosthesis 
50 is then cut to predetermined longitudinal lengths by clipping the entire endoprosthesis 50 or each filament crossing 

55 point. 

[0066] The hollow 22, cavity 32, or porous 42 portions may be made by an extrusion process using mandrels or by 
coring during injection molding. Porosity may be made by processes including machining, dissolvable microspheres, 
extrusion or molding parameter selection, gas bubbling, or like methods. 
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[0067] Exanples of the present invention are described below. 
Example 1 

[0068] m an experiment, a solid extruded PLLA rod (solid rod) and an extruded PLLA rod having £ 
cavi* rod) were used to demonstrate faster absorption of the cavity rod. The sold rod and the cavrty ^e made 
SXme initial solid rod which was first annealed in air at 140-C for about 15 minutes. The sold rod was cut ,nto 

Sm The^^d assured outsde diameter of about 0.212" (5.4 mm, and had a .ength of about «ir*r 

o e--o 7" MS 2 mm-1 7 8 mm), and included cavities at each end measuring 5/64 (2 mm) diameter by .2 J3 (5 mm-7 
n^deeo The^vi remade by using one of the solid PLI^ 

Iffi? £ ™) d^dep^d .2"-.3- (5 mm-7 mm). The cavity opening at the end of each axial hole wasj covered wth 
mtSal graTe Dow silicone adhesive A, thus creating two interna, cavities in the rod to form the rod. 
SSoT The solid rod and the cavity rod were put in separate 32 oz. jars filled with aphosphatebuffered^ine(PB^ 
SJn (p H = 7 4). Each jar was incubated at 60-C. The solid rod and the cavity rod were eac* nnspected I for weight 
and tor eJdence if fracture on a regular basis. The weight of the solid rod and the cavity rod .nduded the by 



20 



25 



30 



SSr^eSSand the cavity rod were weighed prior to the experiment (day 0) and on the following days of the 

weiahed on the following days of the experiment: 1 , 2. 8, 9, 15, and 16. 

Zm ™*?™u™<* ?he experimented that both the solid rod and the cavrty rod gained weight for the h* 10 
daTLsun^yfr^ 

SESfi* SanTolng weight aiter 10 days of incubation (presumably from pdymer d«^|> javrty 
red framed at 22 days of incubation with about 0.6% loss of its original specimen weight as compared to the solid ro6 
S at 26 days of incubation with about 1.3% loss of its original specimen weight. Testng and measure- 

ments were completed when fracture of each respective rod occurred. 

m Bo^rbable member or device fracture (disintegration) is an important milestone .n the process id bioa* 
so^l b^use it rrarks the certain end to the functional useful 

of Sntegration the member or device can no longer provide luminal support and degrades away .n the body. Dis.nte- 
arSZ us<£u measure of degradation time because it is easy to measure through observer, and compared. 
55S T^reTshTrmeasure^ents recorded during the experiment in tabular form. Figure 6 illustrates the results 
of the experiment from Table 3 in graphical form. 
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[0075] In sum, the cavity rod fractured in less time than the solid rod. The cavity rod fractured in 22 days as compared 
to the solid rod which fractured in 26 days. Also, the cavity rod required less mass degradation prior to fracture than the 
solid rod. The experiment demonstrated that a PLLA bioabsorbable member having two cavities would degrade faster 
than a solid member. The faster degradation was found to result from a shorter diffusion distance across the section 
thickness and from acceleration of degradation on the inner surface of the cavity from collection of acidic degradation 
products. The absorption time for the cavity rod could be made to be longer or shorter by changing the volume percent- 
age of the cavity areas or changing the geometry of the reservoir area (i.e. round, elongate, small or large). Further- 
more, the degradation rate of bioabsorbable implantable endoprostheses may be manipulated without changing 
materials or processing methods. 
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Example 2 

braid mandrel wrth a f .lament brad angle or uu iou ueg diameter ^ g tem ^ ature 

off the anneal mandrel, and cut to the desired stent length. 
BcaaJpJeJ 

off the anneal mandrel, and cut to the desired stent length. 
Example 4 

H10781 Stents 50 can be fabricated from 12 filament strands of 0.20-0.30 mm diameter PLLA. PDLA PLLA-PDLA 
[0078] Stents = U J*"°^ PGA-PLLA copolymer, 0.27-0.37 mm diameter PGA-polycaprolactone copol- 

mandrel wrth^ af lamerrt aShToMO mm smaller than the braid mandrel diameter at a temperature 

off the anneal mandrel and cut to the desired stent length. 
Example 5 
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off the anneal mandrel and cut to the desired stent length. 
Example 6 

5 [0080] Stents 50 can be fabricated from 15 filament strands of 0.30-0.40 mm diameter PLLA, PDLA. PLLA-PDLA 
copolymer, 0.35-0.45 mm diameter PGA, PGA-PLLA copolymer, 0.37-0.47 mm diameter PGA-polycaprolactone copol- 
ymer, PGA-trimethylcarbonate copolymer, or 0.40-0.50 mm diameter polydioxanone. The filaments with reservoirs in 
the form of hollow cores with diameters less than about 50% of the filament outer diameter extending over the entire 
filament length (except for sealed ends at the end of each filament that may occur during manufacturing); cavities with 

w diameters less than about 50% of the filament outer diameter extending over one or portions of the entire filament 
length; or pores with diameters of about one to twenty microns. The filaments are disposed on a 6-10 mm diameter 
braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-10 mm smaller than the braid mandrel diameter at a temperature 
between the polymer glass-transition temperature and the melting temperature for 5-120 minutes in air, vacuum, or inert 

15 atmosphere with the braid in an axially extended, free, or contracted position, cooled to about room temperature, slid 
off the anneal mandrel and cut to the desired stent length. 

Example 7 

20 [0081] Stents 50 can be fabricated from 15 filament strands of 0.35-0.45 mm diameter PLLA, PDLA, PLLA-PDLA 
copolymer, 0.40-0.50 mm diameter PGA, PGA-PLLA copolymer, 0.42-0.52 mm diameter PGA-polycaprolactone copol- 
ymer, PGA-trimethylcarbonate copolymer, or 0.45-0.55 mm diameter polydioxanone. The filaments with reservoirs in 
the form of hollow cores with diameters less than about 50% of the filament outer diameter extending over the entire 
filament length (except for sealed ends at the end of each filament that may occur during manufacturing); cavities with 

25 diameters less than about 50% of the filament outer diameter extending over one or portions of the entire filament 
length; or pores with diameters of about one to twenty microns. The filaments are disposed on a 6-10 mm diameter 
braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-10 mm smaller than the braid mandrel diameter at a temperature 
between the polymer glass-transition temperature and the melting temperature for 5-120 minutes in air, vacuum, or inert 

30 atmosphere with the braid in an axially extended, free, or contracted position, cooled to about room temperature, slid 
off the anneal mandrel and cut to the desired stent length. 

Example 8 

35 [0082] Stents 50 can be fabricated from 18 filament strands of 0.35-0.45 mm diameter PLLA, PDLA, PLLA-PDLA 
copolymer, 0.40-0.50 mm diameter PGA, PGA-PLLA copolymer, 0.42-0.52 mm diameter PGA-polycaprolactone copol- 
ymer, PGA-trimethylcarbonate copolymer, or 0.45-0.55 mm diameter polydioxanone. The filaments with reservoirs in 
the form of hollow cores with diameters less than about 50% of the filament outer diameter extending over the entire 
filament length (except for sealed ends at the end of each filament that may occur during manufacturing); cavities with 

40 diameters less than about 50% of the filament outer diameter extending over one or portions of the entire filament 
length; or pores with diameters of about one to twenty microns. The filaments are disposed on a 7-12 mm diameter 
braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-10 mm smaller than the braid mandrel diameter at a temperature 
between the polymer glass-transition temperature and the melting temperature for 5-120 minutes in air, vacuum, or inert 

45 atmosphere with the braid in an axially extended, free, or contracted position, cooled to about room temperature, slid 
off the anneal mandrel and cut to the desired stent length. 

Example 9 

so [0083] Stents 50 can be fabricated from 18 filament strands of 0.40-0.50 mm diameter PLLA, PDLA, PLLA-PDLA 
copolymer, 0.45-0.55 mm diameter PGA, PGA-PLLA copolymer, 0.47-0.57 mm diameter PGA-polycaprolactone copol- 
ymer, PGA-trimethylcarbonate copolymer, or 0.50-0.60 mm diameter polydioxanone. The filaments with reservoirs in 
the form of hollow cores with diameters less than about 50% of the filament outer diameter extending over the entire 
filament length (except for sealed ends at the end of each filament that may occur during manufacturing); cavities with 

55 diameters less than about 50% of the filament outer diameter extending over one or portions of the entire filament 
length; or pores with diameters of about one to twenty microns. The filaments are disposed on a 7-12 mm diameter 
braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-10 mm smaller than the braid mandrel diameter at a temperature 
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betweenthepo.ymer gl as^^ 

atmosphere with the braid in an axially extended, free, or contracted postoon. cooled to about room tempe 
off the anneal mandrel and cut to the desired stent length. 

5 Example 10 

mmmmm 

off the anneal mandrel and cut to the desired stent length. 
20 Example 11 

roossi Stents 50 can be fabricated from 24 filament strands of 0.20-0.30 mm diameter PLLA, PDLA PLLA-PCJLA 
[0085] Stents ^J*"™ ™ pga-PLLA copolymer. 0.27-0.37 mm diameter PGA-polycaprolactone copol- 

off the anneal mandrel and cut to the desired stent length. 
35 Example 12 

rniWM Stents 50 can be fabricated from 24 filament strands of 0.25-0.35 mm diameter PLLA PDLA, PLLA-^A 
[0086] Stents 50 "n^ wnw w copo |ymer, 0.32-0.42 mm diameter PGA-polycaprolactone copol- 

off the anneal mandrel and cut to the desired stent length. 
so Example 13 

rnnsTl Stents 50 can be fabricated from 24 filament strands of 0.30-0.40 mm diameter PLLA PDLA PLLA-PDLA 
[0087] Stents Wo "JJ™Tqa PGA-PLLA copolymer. 0.37-0.47 mm diameter PGA-polycaprolactone copol- 

- w« 
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braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-1 0 mm smaller than the braid mandrel diameter at a temperature 
between the polymer glass-transition temperature and the melting temperature for 5-120 minutes in air, vacuum, or inert 
atmosphere with the braid in an axially extended, free, or contracted position, cooled to about room temperature, slid 
5 off the anneal mandrel and cut to the desired stent length. 

Example 14 

[0088] Stents 50 can be fabricated from 30 filament strands of 0.30-0.40 mm diameter PLLA, PDLA, PLLA-PDLA 
10 copolymer, 0.35-0.45 mm diameter PGA, PGA-PLLA copolymer, 0.37-0.47 mm diameter PGA-polycaprolactone copol- 
ymer, PGA-trimethylcarbonate copolymer, or 0.40-0.50 mm diameter polydioxanone. The filaments with reservoirs in 
the form of hollow cores with diameters less than about 50% of the filament outer diameter extending over the entire 
filament length (except for sealed ends at the end of each filament that may occur during manufacturing); cavities with 
diameters less than about 50% of the filament outer diameter extending over one or portions of the entire filament 
is length; or pores with diameters of about one to twenty microns. The filaments are disposed on a 16-26 mm diameter 
braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-1 0 mm smaller than the braid mandrel diameter at a temperature 
between the polymer glass-transition temperature and the melting temperature for 5-120 minutes in air, vacuum, or inert 
atmosphere with the braid in an axially extended, free, or contracted position, cooled to about room terrperature, slid 
20 off the anneal mandrel and cut to the desired stent length. 

Example 15 

[0089] Stents 50 can be fabricated from 36 filament strands of 0.35-0.45 mm diameter PLLA, PDLA, PLLA-PDLA 
25 copolymer, 0.40-0.50 mm diameter PGA, PGA-PLLA copolymer, 0.42-0.52 mm diameter PGA-polycaprolactone copol- 
ymer, PGA-trimethylcarbonate copolymer, or 0.45-0.55 mm diameter polydioxanone. The filaments with reservoirs in 
the form of hollow cores with diameters less than about 50% of the filament outer diameter extending over the entire 
filament length (except for sealed ends at the end of each filament that may occur during manufacturing); cavities with 
diameters less than about 50% of the filament outer diameter extending over one or portions of the entire filament 
30 length; or pores with diameters of about one to twenty microns. The filaments are disposed on a 20-30 mm diameter 
braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-1 0 mm smaller than the braid mandrel diameter at a temperature 
between the polymer glass-transition temperature and the melting temperature for 5-120 minutes in air, vacuum, or inert 
atmosphere with the braid in an axially extended, free, or contracted position, cooled to about room temperature, slid 
35 off the anneal mandrel and cut to the desired stent length. 

Example 16 

[0090] Stents 50 can be fabricated from 24 filament strands of 0.35-0.45 mm diameter PLLA, PDLA, PLLA-PDLA 
40 copolymer, 0.40-0.50 mm diameter PGA, PGA-PLLA copolymer, 0.42-0.52 mm diameter PGA-polycaprolactone copol- 
ymer, PGA-trimethylcarbonate copolymer, or 0.45-0.55 mm diameter polydioxanone. The filaments with reservoirs in 
the form of hollow cores with diameters less than about 50% of the filament outer diameter extending over the entire 
filament length (except for sealed ends at the end of each filament that may occur during manufacturing); cavities with 
diameters less than about 50% of the filament outer diameter extending over one or portions of the entire filament 
45 length; or pores with diameters of about one to twenty microns. The filaments are disposed on a 14-20 mm diameter 
braid mandrel with a filament braid angle of 120-150 degrees while the braid is on the braid mandrel and annealed on 
a bar or tube mandrel that has an outer diameter 0.2-10 mm smaller than the braid mandrel diameter at a temperature 
between the polymer glass-transition temperature and the melting temperature for 5-120 minutes in air, vacuum, or inert 
atmosphere with the braid in an axially extended, free, or contracted position, cooled to about room temperature, slid 
so off the anneal mandrel and cut to the desired stent length. 

[0091 ] It will be evident from considerations of the foregoing that the bioabsorbabie implantable endoprosthesis may 
be constructed using a number of methods and materials, in a wide variety of sizes and styles for the greater efficiency 
and convenience of a user. 

[0092] A bioabsorbabie stent that may advantageously be used in conjunction with the present invention is disclosed 
55 in J. Stinson's United States Patent Application entitled "Bioabsorbabie Self-Expanding Stent". Serial No. 08/904,467, 
filed concurrently herewith, and commonly assigned to the assignee of this application. 

[0093] A bioabsorbabie marker that may advantageously be used in conjunction with the present invention is dis- 
closed in J. Stinson's and Claude Clerc's United States Patent Application entitled "Radiopaque Markers And Methods 
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Of Using Same", Serial No. 08/905,821. filed concurrently herewith, and commonly assigned to the assignee of this 

m£f "Lther bioabsorbable marker that may advantageously be used in conjunction with the ;P~rt»»^ 
EedVj Snson's United States Patent Application entitied "Bioabsorbable Marker Hav.ng f^op^ GonM- 
!^ Mt^lSS Smr. Serial No. 08/904.951 . filed concurrently herewith, and commonly assigned to the 

f embodiments of the invention are merely descriptive of its principles and are not tobe 

Claims 

1 . A bioabsorbable implantable endoprosthesis comprising: 

a tubular radially compressible, axially flexible, and radially self-expandable braided ^m^**^ 
hS a dSmeter in alee state, the structure induding from about 1 0 to about 36 """^J^SE 
ing oXabha-hydroxy acid), the structure having a radial force of from about 40 grams to about 300 grams at 
Sii ( eS dlami. each f ilamen. (20.30.40) having a tensiie ^^-^ 
Sut 120 ksi (827 MPa). and a tensile modulus of from about 400.000 ps, (2, ?58 MPa) to S « 0 ' 
(1 3 790 M Pa), and an average diameter of to^ 

ng aaossing angle of from about 120 degrees to about 1 50 degrees ,n a free 

includinq one or more reservoir portions with an average cross-sectional area greater than about 7.9 x 10 
2Ed * eac h "lament (20.3oS». the sum of the one or more reservoir portions when empty represents a 
total volume percentage greater than about 1 0% of the total filament (20.30.40) volume. 

z The bioabsorbable implantable endoprosthesis of daim 1 wherein the sum of the one or more reservoir portions 
when empty represents a total volume percentage of from about 20% to about 40 h. 

3. The bioabsorbable implantable endoprosthesis of daim 1 wherein the degradation by-products at least partially 

30 collect in the reservoir portions. 

4 ThettoabsorbableimplarrtaWeendoprosthesisofdaimlwhereinthe 
tions have an average pH level which decreases over time in vivo. 

35 5. The bioabsorbable implantable endoprosthesis of claim 1 wherein the reservoir portions are hollow (22). cavity 
(32), porous (42), or combinations thereof. 
6. The bioabsorbable implantable endoprosthesis of clam 3 wherein the average P H level in the reservoir is between 
about 3 and 7. 

40 7. The bioabsorbable implantable endoprosthesis of claim 1 wherein the endoprosthesis (50) substantial* degrades 

in vivo in less than 3 years. 

8. The bioabsorbable implantable endoprosthesis of daim 1 wherein the endoprosthesis (50) provkles structural 
45 integrity to a body lumen for less than 2 years. 

9 The bioabsorbable implantable endoprosthesis of claim 1 wherein the filaments (20.30.40) are monofilament, 
multi-filament, ribbon, suture, thread, fiber, or combinations thereof. 
5 o 10. The bioabsorbable implantable endoprosthesis of claim 1 wherein the implantable endoprosthesis (50) is a stent 
(50). stent-graft. graft, filter, occlusive device, or valve. 

11 Thebioabsorbableimplar!^ 
' Imou^ota^O.1% to aboutW of initial mass prior to .osing weight in an amount of from about 0. 1% to 

55 about 70% of initial mass prior to disintegration. 

12. The bioabsorbable implantable endoprosthesis of claim 1 wherein the reservoir portions accumulate the degrade 
tion by-product for a predetermined amount of time. 
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13. The bioabsorbable implantable endoprosthesis of claim 1 wherein the filaments (20,30,40) comprise PLLA, PDLA, 
or combinations thereof and substantially degrade in vivo in from about 1 year to about 2 years. 

14. The bioabsorbable implantable endoprosthesis of claim 1 wherein the filaments (20,30,40) comprise polylactide, 
5 polyglycolide, or combinations thereof and substantially degrade in vivo in from about 3 months to about 1 year. 

1 5. The bioabsorbable implantable endoprosthesis of claim 1 wherein the filaments (20,30,40) comprise polyglycolide, 
polygluconate, polydioxanone or combinations thereof and substantially degrade in vivo in from about 1 week to 
about 3 months. 

10 

16. The bioabsorbable endoprosthesis of claim 1 wherein the thickness of the filament (20,30,40) t, in mm, is equal to 
about (D/(1 .8D + 15)) ± .03 mm, where D, in mm, is the free state diameter. 

17. The bioabsorbable endoprosthesis of claim 1 wherein the number of filaments (20,30,40), N, is equal to about 
is (D/(0.022D+0. 1 7)) ± 4 filaments (20,30,40), where D, in mm, is the free state diameter. 

18. The bioabsorbable endoprosthesis of claim 1 wherein the endoprosthesis (50) has at least one end of diminishing 
diameter. 

20 19. The bioabsorbable endoprosthesis of claim 1 wherein the filaments (20,30,40) have a tensile modulus of from 
about 700,000 (4,827 MPa) to about 1.200,000 psi (8,274 MPa). 

20. The bioabsorbable endoprosthesis of claim 1 wherein the endoprosthesis (50) has a braid angle of from about 60 
degrees to about 150 degrees when implanted in vivo. 

25 

21 . The bioabsorbable endoprosthesis of claim 1 wherein the filament (20,30,40) further comprises a water absorption 
diffusion distance (d^ of from about 1 micron to about 250 microns. 

22. A bioabsorbable implantable endoprosthesis comprising: 

30 

one or more elongate elements (20,30,40) including poly (alpha-hydroxy acid), each filament (20,30,40) includ- 
ing one or more reservoir portions with an average cross-sectional area greater than about 7.9 x 1 0" 7 mm 2 , and 
in each filament (20,30,40), the sum of the one or more reservoir portion when empty represents a total volume 
% greater than about 10% wherein the poly (alpha-hydroxy acid) bioabsorbs and degradation by-products 
35 therefrom collect in the reservoir. 

23. The bioabsorbable implantable endoprosthesis of claim 22 further comprising hollow portions (22) when empty 
which represent a volume percentage of at least 10 percent, cavity portions (32) when errpty which represent a vol- 
ume percentage of at least 10 percent, and porous portions (42) when empty which represent a volume percentage 

40 of at least 1 0 percent. 

24. A method of using an implantable endoprosthesis comprising the steps of: 

disposing a implantable endoprosthesis (50) consisting essentially of poly (alpha-hydroxy acid) in a delivery 
45 system, the endoprosthesis (50) comprising a tubular, and radially expandable structure made of elongate fil- 

aments (20,30,40) including hollow (22), cavity (32), or porous portions (42), each portion (22,32,42) with an 
average cross-sectional area greater than about 7.9 x 10' 7 mm 2 and the sum of the portions (22,32,42) when 
empty represent a total volume % greater than about 10%; 
inserting the delivery system and endoprosthesis (50) in a body lumen; 
so deploying the endoprosthesis (50) from the delivery system into the body lumen; and 

allowing the hollow (22), cavity (32), or porous (42) portions to accumulate degradation by-product from the 
poly (alpha-hydroxy acid). 

25. A method of manufacturing an implantable endoprosthesis comprising the steps: 

55 

disposing a braided bioabsorbable polymer endoprosthesis (50) on an annealing mandrel, the endoprosthesis 
(50) comprising a tubular, and radially expandable structure made of elongate elements (20,30,40), the elon- 
gate elements (20,30,40) including at least one hollow (22), cavity (32), or porous (42) portion, each portion 
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(22,32,42) wrth an average cross-sectional area gre^ 

(22 32 42) when empty have a total volume % greater than about 10%. 

a time of from about 5 minutes to about 90 minutes; and 
cooling the endoprosthesis (50). 

27. The method of manufacturing an implantable endoprosthesis of claim 25 further comprising the step of cutting the 
endoprosthesis (50) into predetermined lengths. 

150 degrees. 

29. The method of manufacturing an imp^e - ^ ** 

thesis (50) has a braid angle of from about 130 degrees to about 150 degrees. 

30 A ttoabsorbaWe endoprosthesis comprising: 

product from the degradation of the bioabsorbable material. 

31 A bioabsorbable implantable endoprosthesis consisting essentially of 

2 to about 40 percent of the total endoprosthesis surface area. 

32 The endoprosthesis of daim 31 wherein the pores (42) when empty have an average cross-sectiona. area on the 
filament outer surface of at least about 7.9 x 1 0* mm". 

33. The endoprosthesis of daim 32 wherein the pores (42) when empty have an average cross-sectiona. area on the 
filament outer surface of less than about 3. 1 x 10" mm". 

34 The endoprosthesis of daim 33 wherein the pon* (42) when empty have an average aoss-sectiona. area on the 
' filament outer surface of from about 7.9 x 10 s to about 1 .8 x 10" mm*. 

35 A bioabsorbable implantable endoprosthesis comprising 
about 2 to about 40 percent of the average element cross-sectional area. 
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37. A bioabsorbable implantable stent having a tubular, radially compressible and self-expandable braided and 
annealed structure comprising: 

a first set of filaments (20,30,40) each of which extends in a helix configuration along a center line of the stent 
5 (50) and having a first common direction of winding; 

a second set of filaments (20,30,40) each of which extends in a helix configuration along a center line of the 
stent (50) and having a second common direction of winding; the second set of filaments (20,30,40) crossing 
the first set of filaments (20,30,40) at an axially directed angle so as to form a plurality of interstices between 
filaments (20,30,40); 

w a plurality of filaments (20,30,40) having a length comprising PLLA, PDLA, PGA, or combinations thereof and 

having prior to implantation an empty lumen extending at least substantially through the entire length of the plu- 
rality of filaments (20,30,40), the plurality of filaments (20,30,40) having further a tensile strength of from about 
20 ksi (138 MPa) to about 120 ksi (827 MPa), a tensile modulus of from about 400.000 psi (2,758 MPa) to about 
2,000,000 psi (13,790 MPa), and an average diameter of from about 0.15 mm to about 0.6 mm; 

15 wherein the first set of filaments (20,30,40) and second set of filaments (20,30.40) act upon one another to cre- 

ate an outwardly directed radial force sufficient to implant the stent (50) in a body vessel upon deployment from 
a delivery device. 

38. The stent of claim 37 wherein the second set of filaments (20,30,40) cross the first set of filaments (20,30,40) at an 
20 axially directed angle of between about 120 and about 150 degrees when the stent (50) is in a first free radially 

expanded state after being annealed but before being loaded on a delivery device. 

39. The stent of claim 37 wherein the stent (50) has a second free radially expanded state after being loaded and then 
released from a deployment device, the first and second sets of filaments (20,30,40) crossing at an axially directed 

25 angle of between about 80 and 145 degrees when in the second free radially expanded state. 

40. The stent of claim 37 wherein the stent (50) has a second free radially expanded state after being loaded and then 
released from a deployment device, the first and second sets of filaments (20,30,40) crossing at an axially directed 
angle of between about 90 and 100 degrees when in the second free radially expanded state, the stent (50) having 

30 an outside diameter of between 3 and 6 mm when in the second free radially expanded state. 

41 . The stent of claim 38 wherein the axially directed angle is between about 10 and 1 20 when in the second free radi- 
ally expanded state. 

35 42. The stent of claim 39 wherein the stent (50) has an outside diameter when in the second free radially expanded 
state and the stent (50) exerts an outwardly directed radial force at one half of the outside diameter of from about 
40 grams to about 300 grams. 

43. The stent of claim 39 wherein the stent (50) has an implanted state after being loaded, subsequently released from 
40 a deployment device, deployed into a body vessel, and then implanted in the body vessel, with the first and second 
sets of filaments (20,30.40) crossing at an axially directed angle of between about 95 and 105 degrees when the 
stent (50) is in the implanted state. 
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